Mouse spermatozoa require extracellular Na+ for both capacitation and acrosomal exocytosis, but the minimum concentrations differ widely: > 1 \m=l e\25 mmol Na+ l \m=-\1will support capacitation, but > 125 mmol Na l\m=-\1is needed for acrosomal exocytosis in capacitated cells. Our 
Introduction
It has long been known that, upon release from the male repro¬ ductive tract, mammalian spermatozoa are incapable of fertiliz¬ ing oocytes immediately, but acquire functional ability during zona pellucida and fuse with the oocyte plasma membrane (Yanagimachi, 1988 (Fraser, 1990) . In the case of mouse spermatozoa, micromolar Ca2+ (minimum of 90 pmol 1_1) will support full capacitation, but maximal fertilizing ability is achieved only in millimolar Ca2+ (1.80 mmol 1) (Fraser, 1987) .
Although attention has focussed especially on Ca2+, par¬ ticularly because a large influx of Ca2+ into capacitated cells appears to be the trigger for the molecular events that culminate in acrosomal exocytosis (e.g. Roldan and Harrison, 1990) al, 1986; Murphy et al, 1986 ).
In the present study we have investigated the specific require¬ ments for Na+ during mouse sperm capacitation per se and spontaneous acrosomal exocytosis, the latter usually correlating closely with proven functional ability of sperm suspensions (e.g. Fraser, 1987) . We have used a variety of approaches, including simple assessment of presence or absence of the acrosomal cap, chlortetracycline fluorescence patterns (e.g. Fraser and McDermott, 1992) and fertilization in vitro. In addition to determining minimum Na+ requirements for capacitation and acrosomal exocytosis, we have also explored some of the possible mechanisms whereby Na+ might exert influences on changes in the functional state of spermatozoa. These include action via a Na+-K+ ATPase, a Na+-Ca2+ exchanger and a Na+-H+ exchanger. In so doing, we have obtained evidence that these mechanisms may indeed have roles to play, but only at specific stages in the events leading to successful fertilization.
Given that sperm cells maintain intracellular concentrations of various ions that differ from the extracellular concentrations (e.g. high Na+ and low K+ outside, low Na+ and high K+ inside; Hyne et al, 1985) , ion fluxes provide numerous mechan¬ isms for controlling cell activities and responses. A preliminary report of some of this work was published earlier (Umar and Fraser, 1991) .
Materials and Methods

Media
The standard medium was a modified Tyrode's with the fol¬ lowing composition (all in mmol 1_1): NaCl, 124.23; NaHC03, 25.00; KC1, 2.68; NaH2P04, 0.36; MgCl2-6H20, 0.49; CaCl2, 1.80; glucose, 5.56 . It also contained Na penicillin at 100 units ml-1, BSA (crystalline, Sigma, Poole) at 4 mg ml-1 and phenol red (0.5% in 154 mmol NaHC03 1) at 0.1ml per 100 ml medium. The Na+ medium (about 1 mmol Na+ 1), NaCl and NaHC03 were both replaced, the former with choline chloride and the latter with KHC03; in addition, the K+ salt of penicillin was used rather than the Na+ salt. Calcium-deficient medium was prepared by omitting CaCl2; despite trace amounts of free Ca2+ (< 20 pmol 1_1), this medium cannot support complete capacitation (Fraser, 1987 (Fraser, 1987 Fig. 1 ).
Series IV: Does the extracellular Na need to be internalized to promote capacitation and the acrosome reaction? Here we used the monovalent cation ionophore monensin which has greater selectivity for Na+ than K+ (Pressman, 1976) to determine whether the effects observed in high extracellular Na+ involved internalization of Na+. In standard Tyrode's medium, with 150 mmol Na+ I \ monensin would transport Na+ into the cells as the intracellular Na+ concentration would be considerably lower (Hyne et al, 1985) .
In the first experiments, sperm suspensions were prepared in high Na+ medium and incubated for 30 min. Four aliquots were removed, three receiving monensin to give final concentrations of 2.5, 0.5 and 0.1 pmol 1~T and the fourth receiving medium only (control). After gassing, samples were incubated for 10 min, then filtered, fixed and assessed (n = 3). The results (Fig. 4) Fig. 4 . Acrosome loss in mouse sperm suspensions incubated in con¬ trol medium (150 mmol Na+ l-1) for 30 min; monensin (0.1-2.5 µ 1~') was added and suspensions were incubated a further 10 min. Data are presented as mean % ± SEM ( = 3). ***P < 0.01, *"*P < 0.001 compared with control (0 monensin) suspensions. (Fraser, 1983 (Fraser, , 1987 Fraser and McDermott, 1992 The introduction of NH4C1 to the low Na+ suspensions caused a significant (P < 0.01) increase in the proportion of AR cells and a concomitant decrease (P < 0.05) in the proportion of cells (Fig. 9) . The (Fraser, 1983 (Fig. 4) .
Because the majority of acrosome-intact cells at this time would still be uncapacitated, as determined by CTC fluorescence (e.g. Fig. 6 There is evidence for the presence of a Na+-Ca2+ exchanger in spermatozoa of several mammalian species: rams (Bradley and Forrester, 1980) , bulls (Rufo et al, 1984) , boars (Ashraf et al, 1982 (Fraser, 1987) . In the latter, the ionophore A23187 can pro¬ mote a rapid change from the uncapacitated to the capacitated acrosome-intact state, but there is insufficient Ca2+ to trigger acrosomal exocytosis (Fraser and McDermott, 1992 (Robinson and Flashner, 1979) , there was no effect on acrosomal exocy¬ tosis but CTC analysis revealed a significant increase in the pro¬ portion of pattern cells (Fig. 8) (Fig. 9) ; low Na+ does not usually permit the cells to progress from the capacitated, acrosome-intact state to the acrosome-reacted state (e.g. Fig. 1 There is clear evidence that an increase in pH¡ is associated with the initial stages of acrosomal exocytosis (e.g. Meizel and Deamer, 1978; Garcia-Soto et al, 1985 , 1987 Florman et al, 1989; Lee and Storey, 1989) . It is also known that monensin causes an initial Na+ in and H+ out exchange followed by H + in and K+ out, resulting in an overall electroneutral Na+ in and K+ out exchange (Hyne, 1984) . Thus, the temporary rise in pH might play a role in monensin-induced responses. On the other hand, nigericin which has the same final effect as monensin with Na+ in and K+ out, causes an initial H+ in and K+ out followed by Na+ in and H+ out exchange (Hyne, 1984 
